Summary
Introduction
Two problems in the understanding of peptide absorption are the relationships between transport Correspondence: Dr M. L. G. Gardner and hydrolysis and the site(s) of hydrolysis (Elliott & O'Connor, 1977; Wiseman, 1977) . Although it is accepted that peptide transport into mucosal cells can occur the respective roles of the brushborder and cytoplasmic peptidases have not been defined (Matthews, 1975a (Matthews, , b, 1977a .
Investigations with protein digests suggested that there is substantial back-flux into the lumen of amino acids derived from peptides so that the contribution made by luminal peptides to the net transmural transport of amino N was less than that made by amino acids (Gardner, 1975 (Gardner, , 1978a . However, the site of peptide hydrolysis giving rise to this back-flux is unknown: it could be (a) superficial (i.e. on the brush border, proximal to the transport mechanisms), (b) within the membrane or (c) intracellular (i.e. distal to the transport mechanisms). The concept of 'membrane digestion' has been developed especially by A. M. Ugolev (Ugolev, 1965 (Ugolev, , 1968 (Ugolev, , 1972 (Ugolev, , 1974 Smirnova, Timofeeva & Ugolev, 1976; Ugolev, Timofeeva, Smirnova, De Laey, Gruzdkov, Iezuitova, Mityushova, Roschina, Gurman, Gusev, Tsvetkova & Shcherbakov, 1977) although its significance is widely debated.
The present experiments were designed to distinguish between possibilities (a) and (c) by measurement of hydrolysis in rat intestine perfused with a partial digest of lactalbumin in the presence of 2,4-dinitrophenol in order to inhibit active transport. Dinitrophenol is known to inhibit active transport of intact peptides such as the hydrolysisresistant glycyl-sarcosine (Addison, Burston & Matthews, 1972) .
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Methods
The methods were those detailed in the previous study of absorption from a lactalbumin digest (Gardner, 1978a) , except that 2,4-dinitrophenol was added to the perfusate in order to inhibit active transport. Rat jejunum plus ileum were perfused in uitro in a single pass through the lumen (Fisher & Gardner, 1974) with a perfusate containing a partial digest of lactalbumin (0.5 mg/ml; Sigma London Chemical Co.), plus 2,4-dinitrophenol (0.5 mmol/l) and ethanol (173 mmol/l: as solvent for stock solution of dinitrophenol). Free and bound amino acids were estimated before and after hydrolysis in the perfusates and luminal emuents on an amino acid analyser. About 48% of the amino N in the perfusate was free amino acid; the perfusate osmolarity was approx. 400 mosmol/l.
Results
The mean rate (~S E M ) of water secretion on to the serosal surface was 19.0 f. 7. I pl h-I cm-' (n = 9) during the fourth 15-min period of perfusion.
The overall amino N compositions of the perfusates and luminal effluents are given in Table  1 . Note that the free amino acid concentration is much higher in the luminal effluent than in the inflowing perfusate; in contrast, the peptide N concentration is lower in the effluent than in the perfusate.
The rates of disappearance (i.e. by absorption and/or hydrolysis) of peptide N from the lumen and the rates of appearance of free amino acid N in the lumen, all corrected by subtraction of the rates observed in the eight control experiments with Nfree perfusion of Gardner (1978a) , are also shown in Table 1 . The overall rate of disappearance of peptide N from the lumen agrees well with the rate of appearance of free amino acid N in the lumen. This is also true for each amino acid considered separately.
The slope of the relationship between the rate of disappearance of peptide from the lumen and the perfusate concentration of each peptide-bound amino acid (excluding aspartate and glutamate) is 1.022 0.219 ml h-I cm-I; this agrees well with the value of 1.00 f. 0-09 ml h-I cm-' reported by Gardner (1978a) for perfusion in the absence of dinitrophenol.
The possibility that peptide hydrolysis had occurred in the bulk liquid in the lumen after leakage of cellular peptidases was tested thus: the intestine was perfused with an N-free medium containing dinitrophenol (0.5 mmol/l) and ethanol (1 73 mmol/l); into the luminal effluent was pumped at an equal rate a similar solution but which also contained the lactalbumin digest (1 g/l) at 38°C. The combined stream was passed through a mixing-coil at 38OC before being incubated at 38OC for 15 min. The mean (~S E M ) free amino acid concentration in this combined effluent was 2.057 f. 0.02 pmol of N/ml (n = 4); on removal of the intestine from the apparatus the free amino acid concentration was 1.729 t 0-089 pnol of N/ml.
Since these values differ (P < 0-02) it is clear that a small amount of peptide hydrolases (or free amino acids) has been released from the intestine in the presence of dinitrophenol. However, this effect, even with the 15 min incubation at 38"C, is not sufficient to account for more than a small fraction of the appearance of amino acids in the luminal effluents shown in Table 1 .
Discussion
The results show that peptide hydrolysis occurred in the presence of dinitrophenol (0.5 mmol/l). In contrast, active absorption was severely inhibited by the dinitrophenol since the rate of water transport was only 19 pl h-I cm-I; a normal value in this preparation is 13&140 pl h-I cm-1 (Fisher & Gardner, 1976; Gardner, 1978b) . Also, net absorption of amino acid N plus peptide N was not significantly different from zero (Table 1 ) and the disappearance of peptide N from the perfusate corresponded very closely to the appearance in the luminal efffuent of free amino acid N for each individual amino acid. Since appearance of free amino acids was the criterion of peptide hydrolysis in the present study, it appears that a substantial amount of peptide hydrolase activity was accessible to the luminal perfusate. However, the results do not prove unequivocally that it occurred actually on the membrane since some preparations of intestine in vitro lose intracellular peptidases into incubation media (Lindberg, Noren & Sjostrom, 1975; Silk & Kim, 1976) . Hence hydrolysis could have occurred at an unphysiological site in these experiments, and so the 'universal anoxic criterion' is not as unequivocal as Ugolev et al. (1977) claim. However, since smaller amounts of free amino acids appeared when the lactalbumin digest was incubated with luminal efffuent from intestines perfused with an N-free solution containing dinitrophenol and ethanol, it is very unlikely that sufficient hydrolase activity was leaking from damaged cells to account for more than a small fraction of the hydrolysis reported in Table 1 .
Unfortunately the sizes of the peptides in the digest used are not known, since this is probably critical in determining the site of terminal digestion (Peters, 1970; Peters & MacMahon, 1970; Peters, Donlon & Fottrell, 1972; Nicholson & Peters, 1978) .
Therefore these results support the concept of membrane (contact) digestion. But they must not be interpreted as denying the existence of peptidetransport systems (Matthews, 1977b) or that intact peptides can cross the mucosa (Gardner, 1978a (Gardner, , 1979 . Also, the conclusion that brush-border enzymes are capable of performing this hydrolysis under these conditions does not necessarily prove that they actually do so in vivo. However, since the 'rate constant' for peptide disappearance from h e lumen (1-022 f. 0.219) is so similar to the value obtained in the absence of dinitrophenol (1.00 f 0.09), it seems feasible that most of the peptide hydrolysis in the absence of dinitrophenol occurs proximal to the site of transport, i.e. on the brush border, rather than within the cell.
